Blue straggler stars present as secure members in the Galactic open clusters form a major challenge to the conventional picture of evolutionary population synthesis based on the stellar evolution theory of single stars, as illustrated in our previous work. Expansion of our sample in the current work to include younger age clusters provides a larger data base to expose the question raised for the simple stellar population model. The working sample now includes 97 Galactic open clusters of ages ranging from 0.1 to several Gyrs. The contributions of blue straggler stars to the integrated light of the host clusters are calculated on an individual cluster base. A data base of observational constrained simple stellar population model is made which has a larger age coverage than our previous work. It is shown in this work that the general existence of blue stragglers in star clusters of our sample dramatically altered the predictions of convectional stellar population model in terms of spectral energy distribution. The integrated spectral energy distributions of the synthetic spectra of the clusters are enhanced towards shorter wavelengths, therefore the results of the present work will cast new lights in understanding the properties of stellar populations.
INTRODUCTION
Although the evolutionary population synthesis (EPS) method has been widely applied in analyzing stellar contents of local and remote galaxies, and has been proved to be very successful in many aspects, there are still some fundamental problems indeed in the framework of EPS. One of the challenges to the EPS is that the effect of complex stellar interactions which are common in all stellar systems, such as mass exchanging and coalescence in binaries and collisions between single and/or binaries, etc., is not considered in the method. The conventional picture of EPS is mainly based on the single-star evolution theory and is performed with the evolutionary behaviors and spectra libraries of individual stars .
In order to attack such a problem, getting direct observational spectra of simple stellar populations (SSPs) had been practiced by former studies, such as the early work of Bica & Alloin (1986a, b) . They undertook a direct approach using the observational integrated spectra of star clusters, assuming that these clusters are SSPs so that the EPS can be constrained observationally. Direct observation of star clusters is a meaningful approach to discuss the integrated properties of SSPs, and it is free of any assumptions about the initial mass function (IMF) and the details of stellar evolution. However, such a treatment can not perfectly reproduce the conventional SSP model, since the dynamical evolution of star clusters has modified the content of the original population, such as gravitational evaporation of low-mass member stars. More importantly, possible foreground star contaminations to the spectra cannot be assessed in an ideal manner. A practical way out should be resolving member stars photometrically using proper motion and/or radial velocity data. By conventional SSP model through this paper, we mean that the model is built based on single star evolution theory.
We have carried out a plan to attack this problem semi-empirically. The Galactic open clusters (OCs) are taken as our working sample to explore the contributions of blue straggler stars (BSs) to the conventional SSP model. The first set of results for old OCs with ages greater than 1Gyr has been published (Xin & Deng 2005, hereafter XD05) . All the member stars within a cluster are presumably born at the same time from the same origin, therefore should have the same age and metallicity. Star clusters have been long regarded as one of the best objects to study the population synthesis technique (Battinelli et al. 1994) . As described in XD05, the bulk of cluster member stars well fitted by an isochrone represents the idea of conventional SSP model. All the other member stars straggling away from the isochrone belong to the same population, no matter how weird their positions in the colormagnitude diagram (CMD) are, and have to be included when considering the integrated light properties of the population. Among the stragglers, BSs are of special interest because they are the only luminous objects straggling away from the predictions of the theory of single star evolution. It is also important to recall that these bright objects cannot be fully understood either by current theory of binary star evolution. Baring these in mind, the semi-empirical model used in XD05 is still a working approach. Besides, the nature of BSs is a challenging subject of stellar evolution, which is under active investigations (Tian et al. 2006 , Hurley et al. 2005 , Chen & Han 2004 .
Since the first identification of BSs by Sandage (1953) in the globular cluster (GC) M3, the common existence of this kind of stars has been proved in stellar systems of all scales and complexities (e.g., Ahumada & Lappaset 1995 for open clusters; Piotto et al. 2002 for globular clusters and Lee et al. 2003 for dwarf galaxies). The typical locations of BSs in the CMD of a cluster are at the bluer and brighter extension of the turnoff point of the host cluster, therefore they are the most luminous and bluest hydrogen burning stars of the cluster at the time of observation (Deng et al. 1999) . The main formation mechanisms of BSs are generally related with dynamical interactions of close binaries (Pols & Marinus 1994) and stellar collisions in the high-density areas (Ferraro et al. 2003) . Therefore, statistical studies of BS populations in clusters in terms of integrated light provide a clue to such stellar interaction processes, and a reference to approaches such as binary evolution and dynamical evolution within the cluster, and eventually make the EPS more realistic. A larger sample is definitely needed for this purpose.
97 Galactic OCs are studied in this paper in terms of integrated light. A short description of the working sample is given in the next section. In §3, how BSs influence the integrated properties of conventional SSP model is discussed. The synthetic clusters' ISEDs involving BSs contributions show significant enhancements towards shorter wavelengths, especially in ultraviolet (UV) and blue bands, and consequently the integrated (U-B) and (B-V) colors become bluer. When measured with the modifications in (U-B) and (B-V) colors, the physical parameters of OCs, especially age and metallicity, show great uncertainties. The uncertainties are considered in more details in §4. The synthetic integrated spectral energy distributions (ISEDs) of our sample OCs are fitted with those of the conventional SSPs of either younger ages or lower metallicities. Based on the results of all the sample OCs, the uncertainties in measuring the fundamental parameters of SSPs are discussed. Finally, the concluding remarks on this work are presented in §5.
The Working Sample
In XD05, relying on the definite identifications of BSs and cluster turnoff point, we put our attention on the old Galactic OCs since they possess sufficient number of stars for good statistics and well populated all evolutionary stages. However, since the aim of this series work is to detect the effect of BSs quantitatively and systemically at ranges as large as possible in age and metallicity, a large enough working sample is inevitably needed. The working sample is expanded from 27 old Galactic OCs (age ≥ 1.0 Gyr) in XD05 to 97 Galactic OCs in this work, including 62 intermediate (0.1 Gyr ≤ age < 1 Gyr) and 35 old (age ≥ 1 Gyr) clusters.
The basic parameters of the sample OCs are given in Table 1 , where column 1 is cluster name; columns 2-4 give the age (log(age)), color excess (E(B-V)) and distance modulus (DM); columns 5-6 give the metallicity (Z) and the [Fe/H] values; columns 7-8 are the N 2 (number of stars within two magnitudes below the turn-off) and N BS (number of BSs) numbers of the sample clusters. References for parameter adopted in this work are listed in column 9.
In order to keep the criterion homogeneous for selecting BSs in the clusters, we use exclusively the photometric data from Ahumada & Lappaset's BS catalog (1995, hereafter AL95) . N 2 and N BS numbers are also from the same source. N 2 is defined as the number of stars within two magnitudes interval below the turnoff point of the host cluster. The detailed explanation of N 2 number can be found in XD05. The physical parameters of sample clusters, including age, E(B-V), Z and DM, are mainly extracted from more recent literatures, the latest photometric data of the OCs are then used in this work in order to get optimistic parameters of the OCs and to select the BSs candidates in each cluster based on the observed CMDs more reliably. For sample OCs without accurate photometric data, the physical parameters are chosen in such a way that locations of majority of BSs are reasonable in the CMDs. Detailed derivation for every parameter is listed in Table 1 .
The metallicity of a cluster is usually given as [Fe/H] based on spectral observation and abundance analysis, but we need the information in Z to build conventional SSPs. In such circumstance, an empirical relation between Z and [Fe/H] ) is adopted in the work, log Z = 1.03 × [F e/H] − 1.698.
When metallicity Z is marked as "0.02?" for a cluster in Table 1 , it means that there is nothing available on metallicity for that cluster. In this case, we assume solar metallicity (Z=0.02) for it. The Galactic OCs generally possess younger ages and locate closer to the Galactic plane when compared with the Galactic GCs, which means that, at the first approximation, the assumption of Z=0.02 will not cause any essential errors for clusters considered in this work. Figure 1 shows the number distributions of total 97 selected OCs as functions of four different parameters: log(age), Z, N BS and N BS /N 2 . Only the clusters with published metallicities are used to plot the distribution in Z. As shown in the figure, most of our sample OCs possess Z values around Z=0.02, pretty much like what we expected, and hence it is an observational support to our assumption of Z=0.02 for the sample OCs without accurate metallicity determinations. The ratio of N BS /N 2 can be regarded as a specific BS frequency in a cluster. It can be used as a probe for the cluster internal dynamic processes concerning BSs formation. The three panels in Figure 2 show the correlations between N BS and three different parameters: log(age) (Figure 2a ), Z ( Figure 2b ) and N 2 (Figure 2c ), where there is no indication of obvious correlations between N BS and log(age), Z, even in this larger sample compared with the previous result in XD05. While a well defined correlation between N BS and N 2 (Figure 2c ) is clearly shown, which infers that BSs formation is quite similar in all OCs, and is positively correlated with the total number of stars. The BS content in a cluster is almost independent either of age or of metallicity of the host cluster.
MODIFICATION TO THE CONVENTIONAL SSP MODEL
As described in XD05, the stellar population corresponding to a cluster is assumed to be composed of two components. One accounts all member stars that are well fitted by an isochrone of single star evolution theory, i.e. a conventional SSP model. It is named as "SSP component" and its ISED can be directly built from theoretical model. The other component should include all the other member stars straggling away from that isochrone, and our attention is put only on BSs because they are bright. The other stragglers are not quite important in terms of contributions to the total light: the red stragglers in the middle of CMD are usually rare and less luminous; the underlopers and stars bluer than the main sequence but well below the turnoff are too faint to be important. The BSs fixed by photometric observations form the "BS component". More detailed descriptions of model construction can be found in XD05.
In this work, the ISEDs of SSP components are extracted from the low-resolution conventional SSP model of Bruzual & Charlot (2003, hereafter BC03) . The quoted ISEDs are built based on Padova isochrone ), Salpeter IMF (Salpeter 1955 and Lejeune stellar spectra library (Lejeune et al. 1997 ). For details we refer BC03. The spectra of BS components are also made based on the Lejeune spectra library following a process of interpolation and fitting, see XD05 for details. Summing up the ISEDs of these two components, we get the synthetic ISEDs of the clusters. The differences between the ISED of the SSP component and the synthetic ISED of a cluster are exactly the BSs contributions. In this work, we are going to calculate such contributions for all the clusters in our sample in terms of both ISEDs and broadband colors.
ISED of Conventional SSP Model
In order to demonstrate the effect of BSs on the ISEDs of the conventional SSPs represented by OCs, the ISEDs of three clusters are given in Figure 3 . The abscissa is the wavelength in angstrom, the ordinate is the integrated flux. The dotted line shows the ISED of BS component, the dash line shows that of the SSP component, and the solid line is the synthetic ISED of a cluster. It is clearly seen in Figure 3 that the ISEDs of the conventional SSPs have all been modified by BS components to some extent for all the clusters. In the left panel in Figure 3 , normal stars still dominate, which means that the cluster's ISED is determined by regular stars in that situation; while in the right panel, the synthetic ISED of the cluster is completely overwhelmed by the BS component.
The synthetic ISEDs show systematic enhancements towards shorter wavelengths due to addition of hotter stars (BSs) in the population, especially in UV and blue bands, which makes the ISEDs hotter than those of the conventional SSP model. The amplitudes of such modifications due to BS components depend on the detailed physical properties of both BSs and the host clusters, i.e., membership measurements, BSs positions in the CMDs, spatial configuration of the host clusters and the star richness of the clusters. All these things are crucial for the understanding of the real stellar populations containing stars with peculiar behaviors, like BSs discussed in our work. Detailed discussions on the scenario of BS property and its consequence on ISED of a population can be found in XD05.
Broadband color of conventional SSP model
Photometric observations, usually in broadband colors, are more frequently used than spectrophotemetry when trying to understand stellar populations in remote galaxies in unresolvable conditions. Including of BS components in the conventional SSP model, the ISEDs are inclined to the UV and blue bands and consequently make the integrated (U-B) and (B-V) colors bluer. The use of these two colors is practically a good choice to show the photometric effect of BSs. This fact provides a quantitative way to measure the modification to the conventional SSP model. Bluer broadband colors in real stellar populations with respect to the conventional model at the same parameter can be misunderstood by EPS method with either younger ages or lower metallicities. Therefore, (U-B) and (B-V) colors are taken as detectors in this work to quantify BSs contributions to the conventional SSP model. The colors are obtained by convolving the ISEDs with corresponding filter responses.
As shown in Figure 4 and Figure 5 , respectively, the (U-B) and (B-V) colors have been dramatically modified by BSs. These two figures are plotted using all the 97 sample OCs, including the clusters without accurate metallcity measurements and assumed Z=0.02. The abscissa is the logarithmic ages of sample OCs. The ordinate is the broadband colors as indicated. The solid triangles are colors of the SSP components, and the open squares are colors of our sample OCs involving BSs contributions. In order to interpret BS influence on SSP in terms of color, we put a set of theoretical colors of SSP model as functions of age by lines in different types in each figure. In Figure 4 , the five lines demonstrating the convectional SSP model in (U-B) are from BC03 in low-resolution case with different metallicities. In Figure 5 , the five lines present the same fact as in figure 4 for (B-V) color with expanded ages so that uncertainty in age can be measured. The lines are given by keeping the invariable (B-V) color of SSP components (solid triangles) while expanding the ages for given values. For example, when keeping the same (B-V) color of each triangle point but changing the corresponding age by 0.1 dex larger than the original one, the solid line of "log(age)+0.1" is plotted. Similarly, other lines are made with different age increments. Detailed number for each line is given in the figure.
As shown in Figure 4 , the (U-B) colors of SSP components of younger ages (< 1.0 Gyr) stay close the theoretical line of BC03 of Z=0.02, while those of old ages (≥ 1.0 Gyr) have considerable deviations from that line. Such a pattern is not understood with the distribution in the Galactic plane and the history of formation and evolution of the clusters. However, it infers that for younger clusters, solar value is a good approximation if no accurate determination for metallicity is available. For the old clusters in the sample, the determination of metallicity is more reliable, therefore the spread may be due to true scatter in metallicity.
In contrast to the SSP components, the (U-B) and (B-V) colors of the clusters including BSs contributions scatter much larger in both age and metallicity plots (open squares in Figures 4 and 5) . It is apparent that large differences will be expected when trying to get age and metallicity estimations for the clusters from the figures using the conventional SSP model. The theoretical colors described as different lines in these two figures cover the metallcity region from Z=0.0001 to Z=0.02 and the age region from "log(age)+0.1" to "log(age)+0.5", but even such big enlargements of age or metallcity parameter can not completely interpret all the modified colors. It means that when trying to get the basic parameters of real stellar populations using broadband colors, the conventional SSP model can make the results very weird as we demonstrate for these OCs sample. Therefore we suggest that, in order to understand correctly stellar contents in various stellar systems, the results of stellar interactions, especially the bright BSs, should be implemented into the SSP model and EPS framework in a systematic way.
UNCERTAINTIES OF THE CURRENT CONVENTIONAL SSP MODEL
In previous section, it is shown that the ISEDs and broadband (U-B) and (B-V) colors of our sample OCs are dramatically modified by taking into account the BS populations. The modifications can introduce sizable uncertainties on the basic physical parameters of a stellar population if one keeps using the convectional SSP model. Taking a few clusters as example, it is possible to quantify these uncertainties. Focus is put on the uncertainties in age and metallicity in fitting the cluster's ISED using that of conventional SSP model.
Fitting the synthetic ISEDs of OCs
One of the main effect of BSs is to make the synthetic ISEDs of our sample OCs hotter, i.e. the spectra get enhanced in UV and blue bands. The synthetic hotter (than the fitted isochrone can tell) ISEDs can still be well fitted with an SSP model of either younger age or lower metallicity than what is read from isochrone fitting in the CMD. Based on this, the synthetic ISEDs of our sample OCs are regarded as the real (observational) ones and are to be fitted by ISEDs of conventional SSP model with depressed ages or metallicities, and then the differences between cluster real parameters and fitting results can be used to discuss the fitting uncertainties that are potentially existing in all applications of the EPS scheme.
Taking NGC 2251 as an example, the best-fitting results are presented in Figure 6 . In the two panels, the abscissa is the wavelength in angstrom. The ordinate is the logarithmic value of the absolute flux of ISED normalized at wavelength of 5500Å. In the lower frames, the fitting residual δ between the synthetic ISED of the cluster and the best-fitting ISED of conventional SSP model is given, together with the standard deviation σ in the region of ±3σ in dotted lines. The left panel presents the best-fitting result with metallicity untouched, but depressing the age parameter, while the right panel is that just the opposite, keeping the same age but depressing the metallicity. The synthetic ISED of the cluster is plotted in solid line. The ISED of conventional SSP model is shown by the dash line. As a comparison, the real parameters of the cluster are given in the top right corner in each panel. The parameters of the fitting model ISED are labeled below the fitted dash line.
As shown in Figure 6 , if we let the parameter of age or metallicity free, conventional SSP model can fit perfectly most of the features of the synthetic ISED of the cluster, especially the whole optical region. In this case, the broadband photometry tells no difference. The main exception is focused on the extreme UV band, where the availability of observation and the accuracy of the theoretical model are both not perfect. That is to say, the conventional SSP model is certain to do good job on fitting the observational ISEDs of stellar populations, but the fitting results indeed suffer great uncertainties, as shown by this example.
Fitting uncertainties in age
By doing the same fitting work for all the 97 sample OCs as what is done for NGC 2251 (Figure 6 ), the parameter differences between real cluster parameters (derived directly from fitting the resolved stars in CMD) and the fitting results (regarded as photometric measurements in unresolvable conditions) can then be collected to achieve the fitting uncertainties analysis. Figure 7 demonstrates the age uncertainties. The abscissa is the logarithmic age values of our sample clusters from the best isochrone fitting results on the CMDs of the clusters. This is the most reliable age measurement and these ages can be regarded as the true ones, thus the abscissa is marked by log(age) true . The ordinate is the age values made by fitting the synthetic ISEDs of our sample OCs with the ISEDs of conventional SSP model. It is marked by log(age) fit . If these two ages of clusters were the same, all the points would stay in the diagonal line. The open squares show the age determinations by taken into account the BS components.
As shown in Figure 7 , almost all the open squares locate below the diagonal, which means that when fitting the observed ISEDs of stellar populations (the synthetic ISED of a cluster) with the conventional SSP model, the ages will be systematically younger than the true ages as isochrone fitting from the photometric data. The dash line in Figure 7 shows the least square fitting results of all the open squares, which marks the uncertainties on average as the conventional SSP model can make in unresolved conditions. If we evaluate the underestimation level by the ratio of (log(age) true -log(age) fit )/log(age) true , the logarithmic age value underestimation goes from about 2% at log(age)=8.5, to 3% at log(age)=9 and 4% at log(age)=9.5 as shown in figure 7, becoming larger for older ages. The two well studied clusters, NGC 188 and NGC 2682 (M67), are marked in the plot with solid triangle and pentagon, respectively. As the BS populations are reliably know in them, their positions in the figure can be thought as calibrations of our method. Indeed, they agree quite well with our analysis. Table 1 marked "Z=0.02?"). The short-dash line is again a least square fitting to data points with metallicity measurements, and the long-dash line is the least square fitting results of all the points (including solid circles). The short-dash line with metallicity measurements is used for the discussion below.
Fitting uncertainties in metallicity
It is clearly shown in Figure 8 that vast majority of data points locate below the diagonal. In a similar way as for age analysis, the ratio of (Z true -Z f it )/Z true is used to measure the uncertainty level, which goes from nearly 44% at Z=0.008 to 50% at Z=0.02. Again, NGC 188 and NGC 2682 (M67) are put in the plot as references.
Compared with isochrone fitting technique, spectra observation of individual stars is no doubt a more reliable way to get metallicity information of a star cluster. However, it still suffers some problems. The accuracy is connected with observational conditions, extinction and contamination effect. The results coming from that are also not perfectly ensured since the metallicity determination based on different stars in different regions in a cluster will produce different results, and due to selection effect, red giant branch stars in a cluster are easier taken as observational candidates than main sequence stars. Besides observational uncertainties, theoretical model is another uncertainty source for this statistic results, since there are originally only limited metallicity grids from both theoretical evolutionary tracks ) and model atmospheres (Lejeune et al. 1997) . Stellar spectra used for synthetic ISEDs of clusters rely heavily on interpolation. Therefore, the metallicity uncertainties presented in Figure 8 should be considered as qualitative statistic results. More significant movements on this problem should be supported by more reliable observational data and more detailed model calculations.
CONCLUSIONS
As a follow-up work of XD05, the main aim of this work is to extend the study to larger sample and to quantify the influence of BSs on the conventional SSP model. With a sample of 97 Galactic OCs of ages ≥ 0.1 Gyr, we confirm the results of XD05 that the integrated spectral properties OCs are dramatically modified by the BS contents in the clusters. The ISEDs are greatly enhanced towards shorter wavelength, becoming significantly bluer, and consequently the broadband (U-B) and (B-V) colors are modified accordingly. When the conventional SSP model is adopted in understanding stellar contents in galaxies, either using spectra or broadband colors, great uncertainties in age and/or metallicity will be brought in.
Directly fitting the synthetic ISEDs of our sample OCs with the ISEDs of conventional SSP model can still result in nice fittings, if one lets the parameter of age or metallicity free. But the fitting parameters have significant underestimations when compared with the true parameters made photometrically. In the parameter regions covered by our sample OCs, the logarithmic age value underestimation rates ranges 2% at log(age)=8.5, 3% at log(age)=9.0 and 4% at log(age)=9.5. There is a trend for such a ratio to become larger for greater ages. Also due to the presence of BSs in real stellar populations, the metallicity parameter can also be seriously underestimated by conventional SSP models. This is true at least qualitatively within the scope of current work due to the uncertainties in measuring the metallicity independently by other means.
Taking OCs as general representatives of SSPs in galaxies, and limiting our results to the age and metallicity ranges covered by the working sample of current work, the conventional SSP model derived from the single star evolution theory is seriously altered by the descendants of stellar interactions that are presumably common in normal environments. BSs discussed in our work are the most important components that are proved to be widely existing in all stellar systems (Stryker 1993) . Therefore, the effect of BSs must be taken into account when EPS technique is applied to study the properties of stellar populations in galaxies.
Theoretical refinery of the conventional SSP model still needs more studies. Thorough investigations of several issues should be put forward, that including: the individual processes of stellar interactions including binary and multiple systems and the overall consequences of all these interactions to the population statistically, and effects of dynamical evolution of the stellar systems. Before such SSP model eventually become available, emprically corrected models would be a good practice. Based no current knowledge of interactive binary evolution and collisional processes, and the observational cluster data base, such models can be made. Work to this purpose is now in progress.
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